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Abstract: Pavement roughness is one of the most important factors for appraising highway 
construction. In this paper, we choose the laser triangulation to measure pavement roughness. The 
principle and configuration of laser triangulation are introduced. Based on this technology, the 
pavement roughness of a road surface is measured. The measurement results are given in this paper. 
The measurement range of this system is 50 μm. The measurement error of this technology is 
analyzed. This technology has an important significance to appraise the quality of highway after 
completion of the workload. 
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1. Introduction 
In recent years, with the development of 
highway construction, the testing and maintenance 
on highway construction after completion has 
became an important work. Thus, the requirements 
to the road detection level become higher. Among 
many indicators which affect the car comfort and 
safety, the pavement roughness is an important 
factor which represents the quality of highway 
driving. According to the full knowledge of the 
international standard [1, 2], the pavement 
roughness is chosen to appraise the quality of 
highway in this paper. 
The laser triangulation has been widely used in 
industrial field with the characteristics of high speed, 
small size, automation, large scale, non-contact 
measurement, and high precision [3‒10]. In this 
paper, the laser triangulation is chosen to measure 
the pavement roughness. 
In this paper, the principle and configuration of 
the laser triangulation are introduced. The pavement 
roughness is measured based on the laser 
triangulation. The measurement error of the laser 
triangulation is analyzed. 
2. Setup 
The detecting system of pavement roughness is 
shown in Fig. 1. The laser triangulation is installed 
on the chassis to reduce the influence induced by the 
jounce. The laser triangulation emits the laser to 
measure the distance between the jounce and road 
surface. The variation of measuring distance 
represents the pavement roughness. In order to 
reduce the jounce, the car runs at a low speed. 
The configuration of the laser triangulation is 
shown in Fig. 2. Here, we use the laser diode (LD) as 
the light source. Firstly, the LD emits the laser. The 
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transmitted light passes through the diaphragm. 
After that, the laser beam reaches the measured 
object. One part of the laser, which is called the 
scattered light, is reflected to go through the light 
filter. The scattered light contains the displacement 
information of the measured object. It goes through 
the lens and reaches the complementary metal oxide 
semiconductor (CMOS). When the position of the 
measured object varies, the position of the scattered 
light on the CMOS will change. Thus, the 
displacement of the measured object can be detected 
by measuring the position of the scattered light. This 
is the measurement principle of the laser 
triangulation. 
 
Fig. 1 Measurement setup of pavement roughness. 
 
Fig. 2 Configuration of the laser triangulation. 
The configuration of the laser triangulation can 
be divided into four parts: a light source, a filter, a 
signal detecting, and a signal acquisition system. 
A laser diode with the wavelength of 655 nm is 
used as the light source. The intensity of laser is 
0.56 mW. The radiation angle and diameter of the 
laser are 0.4 mrad and 1.6 mm, respectively. The 
working voltage of the LD is 3.3 V. The electric 
current is 35 mA. The working temperature of the 
LD is 0 ℃. The LD which is chosen as the optical 
source in our system has the advantages of small 
size, tiny weight, and small radiation angle. That 
ensures the narrow ray width of LD laser to improve 
the measurement precision. 
The filter is made up of the diaphragm and 
optical filter. The diaphragm is used to reduce the 
diameter of ray. The central wavelength of the 
optical filter is 655 nm, and the transmittance ratio of 
the optical filter is larger than 90% at the 
wavelength of 655 nm. The transmittance ratio is 
almost zero at the other wavelength. 
The signal detecting part is formed by the lens 
and CMOS. 
A signal acquisition system is used to acquire 
the output of CMOS and deal with the data. The 
acquire rate of the signal is 3 kHz. The output 
voltage of the system is between 0 and 5 V. The 
relationship between the displacement of the 
measured object and the output voltage of the 
system is linear. Thus, the output voltage V 
represents the displacement D of the measured 
object. The formula is given as (1): 
D=0.16V+0.2.                (1) 
Based on the relationship between the object and 
image, the distance between the measured object 
and the LD laser is expressed as 
2 2 2( )d f L l l f l LD
d L f l
× × + − − × ×
=
× − ×
.      (2) 
The sign meanings in (2) are shown in Fig. 2. 
3. Results 
We measure the pavement roughness based on 
the laser triangulation, and the result obtained is 
displayed in Fig. 3. In the measurement, 2000 
seconds data are acquired to evaluate the road 
quality. In order to reduce the error induced by the 
jounce, the car runs at a speed about 30 km/h. 
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As shown in Fig. 3, the maximum value of the roughness is 18 mm. 
 
Fig. 3 Measurement result of the pavement roughness. 
4. Error analysis 
The error is mainly induced by the instability of 
the light source, installation error, and so on. 
The wavelength of LD laser is influenced by the 
temperature. The variation of the wavelength will 
change the ray diameter. This will introduce the 
error during the image processing. 
The installation processing will introduce the 
error into the measurement system. For example, the 
Scheimpflug condition of the position relationship 
among the CMOS, the ray axis of lens, and laser ray 
is not satisfied. 
5. Summary 
In this paper, the laser triangulation is applied to 
measure the pavement roughness. The principle and 
configuration of the laser triangulation are 
introduced. The pavement roughness is measured, 
and the maximum roughness is 18 mm. The 
measurement error is analyzed. The work in this 
paper has a contribution to the measurement of 
pavement roughness. 
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